Objective: Among many cognitive function deficits, memory impairment is an initial and cardinal symptom in Alzheimer disease (AD). In most cases, verbal and visual memory scores correlate highly, but in some cases the deficit of verbal or visual memory is very different from that of the other memory. In this study, we examined the neural substrates of verbal and visual memory in patients with AD. Methods: One hundred eighty-eight consecutive patients with AD were recruited from outpatient units. Verbal and visual memory scores were evaluated using the Wechsler Memory Scale -revised. The patients underwent brain SPECT with 99m Tc-ethylcysteinate dimer. Results: After removing the effects of age, sex, education, and Mini-Mental State Examination scores, correlation analysis showed a significant correlation of verbal memory scores to regional cerebral blood flow (rCBF) in the bilateral cingulate gyrus and left precuneus. Similarly, a significant correlation of visual memory scores to rCBF was found in the right precuneus and right cingulate gyrus. Conclusion: The posterior medial cortices (PMC) are very important areas in episodic memory among patients with mild AD. Verbal memory is more closely related to the both sides of the PMC, while visual memory is more closely related to the right PMC.
Introduction
Alzheimer disease (AD) is the leading cause of late-onset dementia worldwide. A progressive decline in many brain functions is typical of AD, and among many cognitive functions, memory impairment is an initial and cardinal symptom in most patients with AD [1] . Uneven impairment across memory systems has been documented in mild AD [2] . Episodic memory is generally the first and most severely affected, while semantic memory is more resistant to loss [1, 2] .
To detect the early deterioration of episodic memory among amnestic patients, the Wechsler Memory Scale -revised (WMS-R) is often used at many memory clinics in Japan. In the WMS-R, three major indices are obtained, namely, indices of general memory, attention, and delayed memory [3, 4] . The general memory index consists of verbal and visual memory indices. Both verbal and visual memory indices reflect immediate episodic memory. In most cases with amnesia, verbal and visual memory indices correlate highly, but in some cases the severity of verbal or visual memory is very different from that of the other memory.
Numerous studies have investigated the neural substrate of verbal memory scores in patients with AD [1, 2, [5] [6] [7] [8] [9] [10] [11] . Regional cerebral blood flow (rCBF) in many cortical areas was reported to be significantly correlated with verbal memory scores in AD patients. Meanwhile, there are fewer reports on the relationship of the visual memory score to rCBF [1, 2, 12, 13] . Some showed that rCBF in the posterior medial cortices (PMC) was correlated with visual memory scores [2, 13] . It is asserted that global cognitive impairment should be taken into account when the correlation between rCBF and the neuropsychology score is investigated [6] . However, in most previous studies, no correction for general cognitive function was included in the analysis. Moreover, few studies compared the neural substrates of verbal and visual memory scores. Therefore, in this study, we compared the neural substrates of verbal and visual memory in patients with AD when corrected for global cognitive impairment.
In AD subjects, low scores on the word list learning test and delayed recall test were associated with left dominant hypoperfusion/hypometabolism in the PMC after correction for general cognitive function [6, 9, 11] . However, there have been no studies of visual memory controlling for the effect of general cognitive function. In this study, we hypothesized that the medial posterior cortex was the significant area, and that right predominance in visual memory and left predominance in verbal memory might be observed.
Methods

Subjects
This is a retrospective study. One hundred eighty-eight consecutive patients with AD who had visited the outpatient units of the Memory Clinic of Okayama University Hospital between January 2006 and December 2011 were recruited according to the following criteria.
They all (i) underwent general physical and neurological examinations and extensive laboratory testing, including thyroid function tests, serum vitamin B 12 , and syphilis serology; (ii) took the Mini-Mental State Examination (MMSE) [14] and the WMS-R [3, 4] ; (iii) underwent single photon emission computed tomography (SPECT) with 99m Tc-ethylcysteinate dimer of the brain as well as magnetic resonance imaging (MRI) or computed tomography (CT) of the head; and (iv) were diagnosed with probable AD according to the criteria formulated by the NINCDS-ADRDA [15] . The exclusion criteria were (i) complications from other neurological diseases or illnesses; (ii) history of mental illness or substance abuse prior to the onset of dementia; (iii) evidence of focal brain lesions on head MRI or head CT; (iv) treatment with antipsychotics, antidepressants, or anxiolytic drugs; (v) recent changes in medication likely to affect brain perfusion; and (vi) left handedness or ambidexterity. The profile of each subject (age, sex, months of disease duration, and years of education) was obtained by the chief clinician.
Instruments
The WMS-R is the most widely used measure of adult memory in Japan [3, 4] . In the WMS-R, verbal and visual memory indices are obtained. Both verbal and visual memory indices evaluate immediate episodic memory. The mean value of both scores is 100, and a higher score indicates a better performance. The scores of both memory indices are already age-adjusted when the age of the subject is under 75 years. However, when the age of the subject is over 75, there are no age-adjusted scores of memory indices of the WMS-R in Japan. Moreover, indices of the WMS-R have no exact scores if the subject takes scores under 50. Therefore, in this study, instead of verbal and visual indices, we used verbal and visual scores. Verbal and visual scores are raw scores before age adjustment. Both scores are obtained as follows: verbal score = logical memory I × 2 + verbal paired associates I, and visual score = figural memory + visual paired associates + visual reproduction.
Ethics
This study was approved by the Internal Ethical Committee of Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences. After a complete description of the study to the subjects and their relatives, written informed consent was obtained.
Brain Perfusion SPECT Imaging
All subjects were examined by brain perfusion SPECT. Patients were examined in a comfortable supine position with their eyes closed in quiet surroundings. Ten minutes after intravenous administration of 99m Tcethylcysteinate dimer (600 MBq; FUJIFILM RI Pharma Co., Ltd., Tokyo, Japan), SPECT images were obtained using a triple-head, rotating gamma camera interfaced with a minicomputer (GCA9300A/DI; Toshiba, Tokyo, Japan) equipped with a fanbeam, low-energy, high-resolution collimator. Sixty projection images over a 360° angle in a 128 × 128 matrix were acquired. All images were reconstructed using ramp-filtered back projection and then smoothed three-dimensionally with a Butterworth filter (order 8, cutoff 0.12 cycles/cm). The reconstructed images were corrected for gamma-ray attenuation using the Chang method (μ = 0.09) [16] .
Data Analysis
Spatial preprocessing and statistical analysis of images were performed on a voxel-by-voxel basis using Statistical Parametric Mapping 8 (SPM8; Wellcome Department of Imaging Neuroscience, UK) running on MATLAB (MathWorks, Inc., Natick, MA, USA). All SPECT images of each subject were normalized to the standard brain of the Montreal Neurological Institute (MNI), and spatial normalization was performed with 12-parameter affine and nonlinear transformations [17] . The voxel sizes of the reslice option were 2 × 2 × 2 mm. The nonlinear parameters were set at 25 mm cutoff basis functions and 16 iterations. All the normalized SPECT images were then smoothed with an isotropic gaussian kernel filter (12 mm full-width at halfmaximum).
We applied a simple regression method using SPM8 to obtain the correlation between WMS-R verbal or visual scores and rCBF imaging data from SPECT of the 188 AD subjects with age, sex, and education entered into the model as nuisance covariates. Thereafter, to remove the effect of general cognitive function, total MMSE scores were entered into the model as nuisance covariates in addition to age, sex, and education. Thereafter, we performed a simple regression method using SPM8 to obtain the correlation between WMS-R verbal or visual scores and rCBF imaging data from SPECT.
The specific effects of WMS-R scores were tested [1] using t-contrast with an additional zero for the scores of other factors, assuming that the extent of the symptoms would be uniquely associated with decreased rCBF. In both analyses, a threshold of p < 0.05 (corrected, family-wise error) was used at the voxel level, and results were considered significant at 50 voxels at the cluster level. In both analyses, global normalization was performed by proportional scaling with the mean voxel value. Masking was applied using the threshold method (0.8 times the global value). Other statistical analyses were performed using the SPSS 14.0J software program (SPSS Inc., Chicago, IL, USA).
Results
Clinical Characteristics and Neuropsychological Tests
Among the 188 AD patients, 121 were women and 67 were men. For dementia severity, 116 patients had clinical dementia rating (CDR) scores of 0.5, 66 had CDR of 1, and 6 had CDR of 2. Other demographic characteristics are shown in Table 1 . Pearson's correlation coefficients were 0.375 between MMSE and WMS-R verbal memory scores, 0.386 between MMSE and WMS-R visual memory scores, and 0.487 between WMS-R verbal and visual memory scores. Figure 1a , and b, and Table 2 show the SPM (t) map of significant correlations between rCBF and WMS-R verbal memory scores among AD patients. Correlation analysis after removing the effects of age, sex, and education showed a significant cluster of voxels in the left precuneus and left cingulate gyrus (Brodmann areas 7 and 31) ( Fig. 1a ). After removing the effects of MMSE scores in addition to age, sex, and education, correlation analysis showed a significant cluster of voxels in the bilateral cingulate gyri and left precuneus (Brodmann areas 7 and 31) ( Fig. 1b) . Table 2 shows the probability results of the SPM analysis and the location of peak Z-scores in terms of MNI coordinates. Figure 1c , and d, and Table 3 show the SPM (t) map of significant correlation between rCBF and WMS-R visual memory scores among AD patients. Correlation analysis after removing the effects of age, sex, and education showed a significant cluster of voxels in the right precuneus and right cingulate gyrus (Brodmann areas 7 and 31) ( Fig. 1c ). After removing the effects of MMSE scores in addition to age, sex, and education, correlation analysis again showed a significant cluster of voxels in the right precuneus and right cingulate gyrus (Brodmann areas 7 and 31) ( Fig. 1d ). Table 3 shows the probability results of the SPM analysis and the location of peak z-scores in terms of MNI coordinates.
Verbal Memory Scores and rCBF
Visual Memory Scores and rCBF
Discussion
There have been many studies on the relationship of cerebral regions to verbal memory scores in AD (Table 4 ). Verbal memory scores are reported to be significantly correlated with the rCBF in almost all cortical areas in at least one study. However, various psychological tests were used to evaluate verbal memory. Therefore, the differences in the results were somewhat dependent on methodological differences. The areas of rCBF that were frequently reported to be significantly correlated with verbal memory scores (at least 4 times in the 16 analyses excluding our own) were the left posterior cingulate gyrus, bilateral precuneus, and left middle temporal gyrus. Verbal memory is usually an early deficit in AD, and its impairment largely reflects the severity of the disease in the early stage [6] . Therefore, if the severity of AD is not taken into account, it is highly possible that the correlation always reflects the sites of perfusion/metabolism impairment in early AD rather than the sites of verbal memory. In a study that corrected for the general cognitive function with a strict significance level, the rCBF in the bilateral precuneus (Brodmann areas 7 and 31) and left parietal lobule was significantly related to verbal memory scores [11] . Corrected for general cognitive function. 2 Uncorrected for multiple comparison at cluster level. 3 Only mentioned as AD according to the criteria of NINCDS-ADRDA. 4 Corrected for multiple comparison at cluster level. 5 Buschke-Fuld Selective Reminding Test -short version. 6 27 probable AD, 2 possible AD, 1 mild cognitive impairment (MCI) at the time of PET scanning. 7 No change of medication before the psychological tests and neuroimaging study. 8 54 subjects with memory complaints included 32 patients with subjective memory complaints and 22 patients with amnestic MCI. 9 Delayed recall of the Rey Auditory Verbal Memory Test. 10 Long-term percent retention of the Rey Auditory Verbal Memory Test. Subtest of the WMS. 3 Uncorrected for multiple comparison at cluster level. 4 Only mentioned as AD according to the criteria of NINCDS-ADRDA. 5 16 amnestic mild cognitive impairment and 12 probable AD.
In this study, verbal memory scores correlated with rCBF in the left precuneus and bilateral posterior cingulate gyrus (Brodmann areas 7 and 31) in both situations with and without correction for general cognitive function. Participants in this study were mostly patients with mild dementia, and the difference in general cognitive function among participants in this study is relatively limited. Therefore, we think that correlation both before and after correction for general cognitive function showed similar results. Moreover, the significance level of correlation of rCBF in this study is stricter than those in most other studies ( Table 4 ). The stricter significance level might make the more specific narrow area significant.
There have been few studies on the relationship of the visual memory score to hypoperfusion/hypometabolism compared to verbal memory score ( Table 5 ). There are conflicting views on the laterality of visual memory scores. One study reported right predominance [13] and the other left predominance [2] . However, there have been no studies controlling for the effect of general cognitive deterioration. We found that rCBF in the right PMC was significantly correlated with visual memory scores in both situations with and without correction for general cognitive function. Thus, we think that the right PMC plays an important role in visual memory tasks.
The role of the PMC in memory processing has been confirmed for structures involved in the default mode network, namely the posterior cingulate and precuneus [18, 19] . Recent functional imaging findings in healthy subjects suggest a central role for the precuneus and posterior cingulate in a wide spectrum of highly integrated tasks, including episodic memory retrieval [18] . Memory functions of the PMC have been studied mainly by fMRI [20, 21] , and activation of the PMC was observed during episodic, but not semantic, memory recall tasks [22] . In studies using PET, paired word learning and cued word recall tests were reported to be associated with left dominant activation in the PMC [23, 24] . On the other hand, the right PMC is closely involved in internally focused attention [25] . Memory performance associated with the posterior cingulate cortex (PCC) has been based on intrinsic hippocampal-PCC connectivity [26] . We also found that the PMC is a very important area in episodic memory in mild AD.
There are several limitations in this study. First, we used the WMS-R in this study to evaluate verbal and visual memory because the WMS-III and WMS-IV have not been translated into Japanese. In Japan, the WMS-R is commonly used as a short-term memory function test. Secondly, it is possible that we overlooked some significant areas due to the low resolution of SPECT. The area where rCBF was significantly correlated with WMS-R scores in this study is not the only important area in performance on the WMS-R. Thirdly, our study included only AD outpatients at a memory clinic. Therefore, the results of this study cannot be generalized easily to persons with normal cognitive function or patients with other diseases. Irrespective of the shortcomings stated above, this is the first study to compare the neural substrate of verbal and visual memory, after taking into account the general cognitive level.
